-1- 



(11) Japanese Patent Application Laid-open (KOKAI) 

No. 2003-64358 
(43) Laid-open: March S, 2003 

(21) Japanese Patent Application No. 2001-257420 

(22) Filed: August 28, 2001 

(71) Applicant: 000005968 

MITSUBISHI CHEMICAL CORPORATION 

5-2, Marunouchi 2-chome, Chiyoda-ku, Tokyo 

(72) Inventor: Yasuo SHIMOMURA 

Address: c/o Mitsubishi Chemical Corporation 

1000, Kamoshida-cho, Aoba-ku, Yokohama-shi, 
Kanagawa-ken 
(72) Inventor: Naoto KIJIMA 

Address: c/o Mitsubishi Chemical Corporation 

1000, Kamoshida-cho, Aoba-ku, Yokohama-shi, 
Kanagawa-ken 
(74) Attorney: 100103997 

Patent Attorney: Koji HASEGAWA 



-2- 



(54) TITLE OF INVENTION ; 

PHOSPHOR, LIGHT EMITTING DEVICE USING PHOSPHOR, AND 
DISPLAY AND LIGHTING SYSTEM USING LIGHT EMITTING 
DEVICE 

(57) ABSTRACT 

PURPOSE ; An object of the present invention is to provide 
a phosphor capable of not only being readily produced but 
also providing a light emitting device having a high color 
rendering property, a light emitting device using the 
phosphor, and a display and a lighting system using the 
light emitting device as a light source thereof. 

CONSTITUTION ; A phosphor comprising a host material 
composed of a compound having a garnet crystal structure 
represented by the general formula (I): 

M\M\hl\0^ (I) 
(wherein M^ is a divalent metal element, M^ is a trivalent 
metal element, M^ is a tetravalent metal element, a is the 
number of 2.7 to 3.3, b is the number of 1.8 to 2.2, c is 
the number of 2 . 7 to 3 . 3 , and d is the number of 11.0 to 
13.0), and a luminescent center ion incorporated in the 
host material; a light emitting device comprising the 
phosphor as a wavelength conversion material and a 
semiconductor light emitting element capable of emitting a 
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light in the range of from ultraviolet light to visible 
light; and a display and a lighting system using the light 
emitting device as a light source. 



WHAT IS CLAIMED IS ; 

1. A phosphor comprising a host material composed of 
a compound having a garnet crystal structure represented 
by the general formula (I): 

M^Ji\K\0^ ( I ) 

wherein is a divalent metal element, is a trivalent 
metal element, is a tetravalent metal element, a is the 
nxamber of 2.7 to 3.3, b is the number of 1.8 to 2.2, c is 
the number of 2.7 to 3.3, and d.is the number of 11.0 to 
13.0; and 

a luminescent center ion incorporated in said host 
material. 

2. A phosphor according to claim 1, wherein the 
divalent metal element in the formula (I) is at least 
one element selected from the group consisting of Mg, Ca, 
Zn, Sr, Cd and Ba. 

3. A phosphor according to claim 2, wherein the 
divalent metal element in the formula (I) is Mg, Ca or 
Zn. 

4. A phosphor according to any one of claims 1 to 3, 
wherein the trivalent metal element M^ in the formula (I) 
is at least one element selected from the group consisting 
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of Al, Sc, Ga, Y, In^ La, Gd and Lu. 

5. A phosphor according to claim 4, wherein the 
trivalent metal element in the formula (I) is Al, Sc, Y 
or Lu, 

6, A phosphor according to any one of claims 1 to 5, 
wherein the tetravalent metal element in the formula (I) 
is at least one element selected from the group consisting 
of Si, Ti, Ge, Zr, Sn and Hf . 

1. A phosphor according to claim 6, wherein the 
tetravalent metal element in the formula (I) is Si, Ge 
or Sn. 

8. A phosphor according to any one of claims 1 to 7, 
wherein the luminescent center ion is at least one element 
selected from the group consisting of Cr, Mn, Fe, Co, Ni, 
Cu, Ce, Pr, Nd, Sm, Eu, Tb, Dy, Ho, Er, Tm and Yb. 

9. A phosphor according to claim 8, wherein the 
luminescent center ion is trivalent Ce. 

10. A phosphor according to any one of claims 1 to 9, 
wherein in the formula (I), the divalent metal element . 
is Ca, the trivalent metal element is Sc, and the 
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tetravalent metal element is Si. 

11. A phosphor according to any one of claims 1 to 9, 
wherein in the formula (I), the divalent metal element 
is Ca and Mg, the trivalent metal element is Sc and Y, 
or Sc and Lu, and the tetravalent metal element is Si. 

12. A phosphor according to any one of claims 1 to 11, 
wherein the amount of the luminescent center ion is 0.0001 
to 0.3 mol based on a formula weight of the host material 
compound. 

13. A phosphor according to any one of claims 1 to 12, 
wherein when a light emitted therefrom is represented by 
XYZ color system, a sum of color coordinates x and y is 
not less than 0.6 [ {x+y)2:0 .6] . 

14. A light emitting device comprising the phosphor 
as claimed in any one of claims 1 to 13 as a wavelength 
conversion material, and a semiconductor light emitting 
element capable of emitting a light in the range of from 
ultraviolet light to visible light. 

15. A display using the light emitting device as 
claimed in claim 14 as a light source. 
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16, A lighting system using the light emitting device 
as claimed in claim 14 as a light source. 

DETAILED DESCRIPTION OF THE INVENTION 
(0001) 

TECHNICAL FIELD 

The present invention relates to a phosphor including 
a host material compound incorporating a luminescent 
center ion, and more particularly, to a phosphor which is 
useful as a wavelength conversion material capable of 
absorbing a light in the range of from ultraviolet light 
to visible light and emitting a visible light having a 
longer wavelength than that of the absorbed light, and can 
provide a light emitting device having a high color 
rendering property when used in combination with a 
semiconductor light emitting element such as light 
emitting diodes (LED) and laser diodes (LD), a light 
emitting device using such a phosphor, and a display and a 
lighting system using such a light emitting device as a 
light source thereof. 
(0002) 
PRIOR ARTS 

Hitherto, white light emitting devices constituted by 
the combination of a gallium nitride (GaN) -based blue 
light emitting diode as a semiconductor light emitting 
element and a phosphor as a wavelength conversion material 



have been noticed as a light emission source for displays 
or lighting systems because of a less consumption of 
electric power and a long service life thereof. 
(0003) 

In the white light emitting devices, the phosphor 
used therein absorbs a blue-range visible light emitted 
from the GaN-based blue light emitting diode, and emits a 
yellow light, so that a blue light unabsorbed by the 
phosphor is mixed with the yellow light, resulting in 
emission of the white light. As known in the art, the 
above phosphor typically includes a host material composed 
of an yttrium and aluminvim composite oxide (Y3AI5O12)/ and 
cerium (Ce) incorporated as a luminescent center ion 
therein. The phosphor is not necessarily easily produced 
owing to its high calcination temperature, etc. 
(0004) 

SUBJECT TO BE SOLVED BY THE INVENTION 

In view of the above prior arts, the present 
invention has been attained in order to develop a phosphor 
capable of not only being readily produced but also 
providing a light emitting device having a high color 
rendering property. An object of the present invention is 
to provide a phosphor capable of not only being readily 
produced but also providing a light emitting device having 
a high color rendering property, a light emitting device 
using the phosphor, and a display and a lighting system 
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using the light emitting device as a light source thereof. 
(0005) 

MEANS FOR THE SOLUTION OF THE SUBJECT 

As a result of the present inventors* earnest studies 
for solving the above subject, it has been found that the 
above object can be achieved by the phosphor including a 
host material composed of a compound having a specific 
garnet crystal structure, and a luminescent center ion 
incorporated in the host material. The present invention 
has been attained on the basis of the above finding. 
(0006) 

That is, a gist of the present invention is to 
provide a phosphor comprising a host material composed of 
a compound having a garnet crystal structure represented 
by the general formula (I): 

Mi^M2j3M3^0d (I) 
wherein is a divalent metal element, is a trivalent 
metal element, is a tetravalent metal element, a is the 
number of 2.7 to 3.3, b is the number of 1 . 8 to 2 . 2 , c is 
the number of 2.7 to 3.3, and d is the nxamber of 11.0 to 
13.0; and 

a luminescent center ion incorporated in said host 
material . 
(0007) 

EMBODIMENTS OF THE INVENTION 
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The phosphor of the present invention contains a host 
material made of a compound having a garnet crystal 
structure represented by the above general formula (I). 
Specifically, the phosphor of the present invention is 
generally in the form of a composite oxide containing 
metal elements M^, m2 and M^, and contains a host material 
composed of a compound having a known garnet crystal 
structure of Mi3M22M330i2f wherein is a divalent metal 
element, m2 is a trivalent metal element, and m3 is a 
tetravalent metal element. 
(0008) 

That is, although composite oxides such as, for 
example, the above Y3AI5O12 are known as a host material of 
fluorescent substances, and compounds having a garnet 
structure wherein is a divalent metal element, is a 
trivalent metal element and is a tetravalent metal 
element are also known as described above, the present 
invention has been attained on the basis of such a finding 
that the compounds having a garnet structure wherein is 
a divalent metal element, m2 is a trivalent metal element 
and m3 is a tetravalent metal element can be excellently 
used as the host material of fluorescent substances, 
notwithstanding properties of the fluorescent substances 
are considerably varied depending upon constituting 
elements of the host material, valence thereof, etc. 
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(0009) 

The divalent metal element in the formula (I) is 
usually at least one element selected from the group 
consisting of Mg, Ca, Zn, Sr, Cd and Ba from the viewpoint 
of good light emitting efficiency, preferably Mg, Ca or Zn, 
and more preferably Ca or a composite of Ca and Mg. 
(0010) 

The trivalent metal element m2 in the formula (I) is 
usually at least one element selected from the group 
consisting of Al, Sc, Ga, Y, In, La, Gd and Lu from the 
viewpoint of good light emitting efficiency, preferably Al, 
Sc, y or Lu, and more preferably Sc, a composite of Sc and 
Y or a composite of Sc and Lu. 
(0011) 

The m3 in the formula (I) represents a tetravalent 
metal element is usually at least one element selected 
from the group consisting of Si, Ti, Ge, Zr, Sn and Hf 
from the viewpoint of good light emitting efficiency, 
preferably Si, Ge or Sn, and more preferably Si. 
(0012) 

Also, as described above, the garnet crystal 
structure is generally a crystal structure with a body 
centered cubic lattice which is represented by the formula 
(I) wherein a is 3, b is 2 , c is 3 and d is 12. However, 
in the present invention, any of the metal elements M^, M^ 
and m3 may be replaced at the crystal lattice with an 
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element constituting the Ixaminescent center ion as 
described later, or the luminescent center ion element, may 
be incorporated in an interstitial space between the 
crystal lattices. As a result, there is a garnet crystal 
structure that in the formula (I), a does not become 3, b 
does not become 2, c does not become 3 and d does not 
become 12. So, in the formula (I), a is in the range of 

2.7 to 3.3, preferably 2.9 to 3.1, b is in the range of 

1.8 to 2.2, preferably 1.95 to 2.05, c is in the range of 
2.7 to 3.3, preferably 2.9 to 3.1, and d is in the range 
of 11.0 to 13.0, preferably 11.65 to 12.35. 

(0013) 

The luminescent center ion incorporated in the 
compound having a garnet crystal structure as the host 
material is usually at least one di- to tetra-valent 
element selected from the group consisting of Cr, Mn, Fe, 
Co, Ni, Cu, Ce, Pr, Nd, Sm, Eu, Tb, Dy, Ho, Er, Tm and Yb, 
preferably divalent Mn, trivalent Ce, di- or tri-valent Eu 
or trivalent Tb, and more preferably trivalent Ce. 
(0014) 

The phosphor of the present invention can be produced 
by subjecting a pulverized mixture comprising a divalent 
metal element Mi-source compound, a trivalent metal element 
M2-source compound, a tetravalent metal element M^-source 
compound and a luminescent center ion-source compound, to 
heat-calcination treatment. The pulverized mixture may be 
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prepared by the following methods. After pulverizing the 
above compounds using a dry pulverizer such as hammer mill, 
roll mill, ball mill and jet mill, the resultant 
pulverized compounds may be mixed together using a mixer 
such as ribbon blender, V-type blender and Henschel mixer, 
or after mixing the above compounds with each other, the 
resultant mixture may be pulverized using the dry 
pulverizer (in the dry method); or 

after adding the above compounds to a medium such as water, 
the resultant mixture may be pulverized and mixed together 
using a wet pulverizer such as a medium-agitation type 
pulverizer, or after pulverizing the above compounds using 
the dry pulverizer, the resultant pulverized compounds may 
be added in a medium such as water, and 
then the resultant mixture is mixed to prepare a slurry 
and further the obtained slurry may be spray-dried (in the 
wet method ) . 
(0015) 

Among these pulverizing and mixing methods, the use 
of the liquid medium is preferred because it is required 
to uniformly mix and disperse a small amount of the 
luminescent center ion-source compound in the whole 
mixture. The wet method is also preferred from the 
viewpoint of obtaining such a mixture, in which the other 
element-source compounds are uniformly mixed and dispersed. 
The above heat-calcination treatment may be conducted at a 
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temperature of usually 1,000 to 1,600°C, preferably 1,200 
to l^BOO'C for 10 minutes to 24 hours under the atmosphere 
selected from atmospheric air, oxygen, carbon monoxide, 
carbon dioxide, nitrogen, hydrogen, argon or the like in a 
heat-resistant container composed of alumina or quartz 
such as crucible or tray. These gaseous atmospheres may be 
used singly or in the form of a mixture thereof. Meanwhile, 
after the heat-calcination treatment, the obtained product 
may be further subjected to various treatments such as 
washing, drying and classification, if required. 
(0016) 

The heating atmosphere may be such an atmosphere 
required to obtain the ionic condition (ionic valence) 
contributing to light emission of the luminescent center 
ion element. For example, an oxidative or neutral 
atmosphere such as atmospheric air, oxygen, nitrogen and 
argon may be used in order to obtain trivalent Eu, etc., a 
weak-oxidative or weak-reducing atmosphere such as 
. atmospheric air, carbon monoxide, carbon dioxide and 
nitrogen may be used in order to obtain trivalent Ce, etc., 
and a neutral or reducing atmosphere such as carbon 
monoxide, nitrogen, hydrogen and argon may be used in 
order to obtain divalent Mn, divalent Eu, trivalent Tb, 
etc . 
(0017) 

In addition, the M^-source compound, M^-source 
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compound, M^-source compound and luminescent center ion 
element-source compound may be in the form of oxides, 
hydroxides, carbonates, nitrates, sulfates, oxalates, 
carboxylates, halides or the like of the respective 
elements. The respective element-source compounds may be 
selected from these compounds in consideration of 
reactivity for producing the composite oxide as well as no 
formation of NOx, SOx, etc., upon the calcination, or the 
like . 
(0018) 

When the divalent metal element is selected from Mg, 
Ca and Zn, specific examples of the Mi-source compound are 
as follows. That is, specific examples of the Mg-source 
compound may include MgO, Mg(0H)2/ MgCOg, 
Mg(OH)2-3MgC03-3H20, Mg{N03)2- 6H2O, MgS04, Mg( OCO ) 2 • 2H2O, 
Mg(OCOCH3)2-4H20, MgClj or the like. Specific examples of 
the Ca-source compound may include CaO, Ca(0H)2/ CaC03, 
Ca(N03)2-4H20, CaS04-2H20, Ca(OCO) 2 •H2O, Ca(0C0CH3 ) 2 * H2O, 
CaClj or the like. Specific examples of the Zn-source 
compound may include ZnO, Zn(0H)2, ZnCOj, Zn(N03)2/ Zn(0C0)2, 
Zn(OCOCH3)2, ZnClj or the like. 
(0019) 

When the trivalent metal element m2 is selected from 
Al, Sc, Y and Lu, specific examples of the M^-source 



compound are as follows. That is, specific examples of the 
Al-source compound may include AI2O3, Al(0H)3, AlOOH, 

A1(N03)3-9H20, Al2(S04)3, AICI3 or the like. Specific 
examples of the Sc -source compound may include SC2O3, 
SC(0H)3, 302(003)3, SC(N03)3, 302(304)3, SC2(OCO)6, 
Sc(OCOCH3)3, SCCI3 or the like. Specific examples of the 
Y-source compound may include Y2O3, Y(0H)3, Y2(C03)3, 
Y(N03)3, Y2( 504)3, Y2(OCO)6, YCI3 or the like. Specific 
examples of the Lu-source compound may include LU2O3, 
LU2( 304)3, LUCI3 or the like. 
(0020) 

When the tetravalent metal element is selected from 
Si, Ge and Sn, specific examples of the M^-source compound 
are as follows. That is, specific examples of the Si- 
source compound may include SiOj, H4Si04, Si(OCOCH3)4 or the 
like. Specific examples of the Ge-source compound may 
include GeOj, Ge(0H)4, Ge(OCOCH3)4, GeCl4 or the like. 
Specific examples of the Sn-source compound may include 
Sn02, SnOj-nHjO, Sn(N03)4, Sn(OCOCH3)4, SnCl4 or the like. 
(0021) 

When the luminescent center ion element is selected 
from Mn, Ce, Eu and Tb, specific examples of the 
luminescent center ion element-source compound are as 
follows. That is, specific examples of the Mn-source 
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compound may include MnOj, MnjOj, Mn304, MnOOH, MnCOj, 
Mn(N03)2, MnS04, Mn(OCOCH3)2, Mn(OCOCH3)3, MnClz, MnClj or 
the like. Specific examples of the Ce-source compound may 
include CejOj, CeO^, Ce(0H)3, Ce(0H)4, €62(003)3, Ce(N03)3, 
062(504)3, Oe(S04)2, 062(000)6, Oe(OCOCH3)3, OeOlj, CeOl4 or 
the like. Specific examples of the Eu-source compound may 
include EU2O3, Eu2( 804)3, Eu2( 000)5, EuOlj, EUOI3 or the like. 
Specific examples of the Tb-source compound may include 
TbsOs, Tb407, Tb2 (003)3, Tb2( 304)3, TbCl3 or the like. 

(0022 ) 

The phosphor of the present invention comprising a 
host material composed of a compound having a garnet 
crystal structure, contains the luminescent center ion in 
an amount of usually 0.0001 to 0.3 mol, preferably 0.001 
to 0.15 mol based on a formula weight of the compound as 
the host material thereof. When the content of the 
luminescent center ion is less than the above-specified 
range, the emission intensity of the resultant phosphor 
tends to be lowered. On the other hand, when the content 
of the luminescent center ion is more than the above- 
specified range, the emission intensity of the resultant 
phosphor also tends to be reduced owing to such a 
phenomenon called "concentration quenching". 
(0023) 

In the case where the phosphor of the present 
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i.nvention is used as a wavelength conversion material, the 
phosphor, for example, containing trivalent Ce as the 
luminescent center ion, absorbs a light in the range of 
from ultraviolet light to blue-region visible light, and 
emits a visible light having a longer wavelength than that 
of the absorbed light, such as green light, yellow light, 
orange light, red light or a light exhibiting an 
intermediate color thereof. When only the light emitted 
from the phosphor except for a scattered component of 
excitation light therefor is measured by spectroscopic 
method to represent the color of the emitted light by XYZ 
color system according to JIS Z8701, a sum of color 
coordinates x and y is preferably not less than 0.6 

( (x+y) 2:0.6 ) , more preferably not less than 0.8 ((x+y)i0.8). 

(0024) 

The light emitting device of the present invention 
includes the above phosphor as a wavelength conversion 
material, and a semiconductor light emitting element such 
as LED and LD. The light emitting device is a high-color- 
rendering light emitting device capable of absorbing a 
light in the range of from ultraviolet light to a visible 
light, which is emitted from the semiconductor light 
emitting element, and emitting a visible light having a 
longer wavelength than that of the absorbed light. The 
light emitting device may be suitably used as a light 
source for displays such as color liquid crystal displays. 
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or lighting systems such as surface-emitting type lighting 

systems . 

(0025) 

Next, the light emitting device of the present 
invention is explained by referring to the accompanying 
drawings. Fig. 2 is a schematic sectional view showing an 
example of a light emitting device constituted from the 
phosphor of the present invention as a wavelength 
conversion material, and a semiconductor light emitting 
element. Fig. 3 is a schematic sectional view showing an 
example of a surface-emitting lighting system into which 
the light emitting devices shown in Fig. 3 are 
incorporated. As shown in Figs. 2 and 3, the reference 
number 1 represents the light emitting device, the 
reference number 2 represents a mount lead, the reference 
number 3 represents an inner lead, the reference number 4 
represents the light emitting element, the reference 
number 5 represents a phosphor-containing resin, the 
reference number 6 represents a conductive wire, the 
reference number 7 represents a molding material, the 
reference number 8 represents the surface-emitting 
lighting system, the reference number 9 represents a 
diffusion plate, and the reference number 10 represents a 
rectangular retaining casing. 
(0026) 

As shown in Fig. 2, the light emitting device 1 of 
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the present invention has a generally shell-like shape. A 
semiconductor light emitting element 4 made of a GaN-based 
blue light emitting diode, etc., is disposed within an 
upper cup portion of a mount lead 2, and an upper surface 
of the light emitting element 4 is covered with a 
phosphor-containing resin 5 which is formed by pouring a 
mixture prepared by mixing and dispersing the phosphor of 
the present invention with a binder such as epoxy resin 
and acrylic resin, into the upper cup portion. The 
semiconductor light emitting element 4 and the mount lead 
2, and the semiconductor light emitting element 4 and an 
inner lead 3, are respectively electrically connected with 
each other by conductive wires 6, 6. These elements are 
wholly covered and protected by a molding material 7 
composed of epoxy resin, etc. 
(0027) 

In addition, as shown in Fig. 3, the surface-emitting 
lighting system 8 into which a plurality of the light 
emitting devices 1 are incorporated, includes a 
rectangular retaining casing 10 having a light-impermeable 
inside surface such as a white smooth surface, a number of 
the light emitting devices 1 arranged on a bottom surface 
of the casing 10, and a diffusion plate 9 such as an 
opaque white acrylic resin plate which is fixed to a 
position corresponding to a lid for the casing 10 to 
equalize a light emitted from the light emitting devices. 
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Meanwhile^ although power sources, circuits^ etc., for 
operating the light emitting devices 1 are arranged 
outside the respective light emitting devices, these 
members are omitted from the figures for simplicity. 
(0028) 

When a voltage is applied to the semiconductor light 
emitting element 4 of the respective light emitting 
devices 1 by operating the surface-emitting lighting 
system 8, a part of a light emitted therefrom such as blue 
light is absorbed by the phosphor of the present invention 
contained as a wavelength conversion material in the 
phosphor-containing resin portion 5, so that a light 
having a longer wavelength is emitted from the phosphor. 
The light emitted from the phosphor is mixed with a light 
unabsorbed by the phosphor such as blue light to obtain a 
mixed light having a higher color rendering property. The 
thus obtained light is transmitted through the diffusion 
plate 9 and then irradiated in the upward direction when 
viewed in the figure. At this time, the light is equalized 
within the diffusion plate 9 of the retaining casing 10, 
so that a light having a uniform luminous intensity can be 
emitted from the lighting system. 
(0029) 
EXAMPLES 

The present invention is described in more detail by 
Examples, but the Examples are only illustrative and not 
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intended to limit the scope of the present invention. 

(0030) 

Example 1 ; 

0.0297 mol of CaCOj as a M^-source compound, 0.01 mol 
of SC2O3 as a M^-source compound, 0.03 mol of Si02 as a M^- 
source compound and 0.0003 mol of Ce(OCOCH3)3 as a 
luminescent center ion element-source compound were 
pulverized and mixed together with pure water in a wet 
ball mill including an alumina container and beads, dried 
and then passed through a nylon mesh. The resultant 
pulverized mixture was heat-calcined in an aliamina 
crucible under atmospheric air at 1,400°C for 2 hours, and 
successively subjected to water-washing, drying and 
classification, thereby producing a phosphor. 
(0031) 

As a result of analyzing the thus obtained phosphor 
by powder X-ray diffraction method, it was confirmed that 
the phosphor contained a host material composed of a 
compound of a garnet crystal structure having a 
composition as shown in Table 1, and trivalent Ce as a 
luminescent center ion incorporated in the host material. 
Further, the phosphor was subjected to measurements of 
emission spectrum and excitation spectrum thereof. The 
results are shown in Fig. 1. From the thus measured 
emission spectriam, the color coordinates x and y in XYZ 
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color system prescribed in JIS Z8722 were calculated 
assuming that the wavelength interval was 5 nm. As a 
result, X was 0.28 (x=0.28), y was 0.54 (y=0.54), and a 
sum of X and y was 0.82 ( (x+y )=0 • 82 ) . Further, the 
phosphor was irradiated with a blue light emitted from a 
GaN-based blue light emitting diode (peak wavelength: 465 
nm) , while controlling an irradiation intensity thereof. 
As a result, the phosphor absorbed the blue light and 
emitted a yellowish green color light, and further the 
emitted yellowish green light was then mixed with a blue 
light unabsorbed by the phosphor, resulting in emission of 
a bluish white light. 
(0032) 
Example 2; 

The same procedure as defined in Example 1 was 
conducted except that 0.0147 mol of CaC03 and 0.015 mol (as 

Mg) of Mg(OH)2-3MgC03-3H20 were used as a M^-source 
compound, and 0.0075 mol of SC2O3 and 0.0025 mol of ¥203 
were used as a M^-source compound, thereby producing a 
phosphor. As a result of analyzing the thus obtained 
•phosphor by powder X-ray diffraction method, it was 
confirmed that the phosphor contained a host material 
composed of a compound of a garnet crystal structure 
having a composition as shown in Table 1, and trivalent Ce 
incorporated as a luminescent center ion in the host 
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material. Further, the phosphor was subjected to 
measurements of emission spectrum and excitation spectrum 
thereof. The results are shown in Fig. 2. From the thus 
measured emission spectrum, the color coordinates x and y 
were calculated by the same method as in Example 1. As a 
result, it was confirmed that x was 0.43 (x=0.43), y was 
0.53 (y=0.53), and a sum of x and y was 0.96 ( (x+y )=0 . 96 ) . 
Further, the phosphor was irradiated with a blue light by 
the same method as in Example 1, while controlling an 
irradiation intensity thereof. As a result, the phosphor 
absorbed the blue light and emitted a yellow color light, 
and further the emitted yellow light was then mixed with a 
blue light unabsorbed by the phosphor, resulting in 
emission of a white light. 
(0033) 
Example 3; 

The same procedure as defined in Example 1 was 
conducted except that the heat-treating temperature was 
changed to 1,200°C, thereby producing a phosphor. As a 
result of analyzing the thus obtained phosphor by powder 
X-ray diffraction method, it was confirmed that the 
phosphor contained a host material composed of a compound 
of a garnet crystal structure having a composition as 
shown in Table 1, and trivalent Ce incorporated as a 
luminescent center ion in the host material. From the 
measured emission spectrum of the phosphor, the color 
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coordinates x and y were calculated by the same method as 
in Example 1. As a result, it was confirmed that x was 
0.28 (x=0.28), y was 0.54 (y=0.54), and a sum of x and y 
was 0.82 ( (x+y)=0.82) . Further, the phosphor was 
irradiated with a blue light by the same method as in 
Example 1, while controlling an irradiation intensity 
thereof. As a result, the phosphor absorbed the blue light 
and emitted a yellowish green color light, and further the 
emitted yellowish green light was then mixed with a blue 
light unabsorbed by the phosphor, resulting in emission of 
a bluish white light. 
(0034) 
Example 4: 

The same procedure as defined in Example 2 was 
conducted except that 0.0050 mol of SC2O3 and 0.0050 mol of 
Y2O3 were used as a M^-source compound, thereby producing a 
phosphor. As a result of analyzing the thus obtained 
phosphor by powder X-ray diffraction method, it was 
confirmed that the phosphor contained a host material 
composed of a compound of a garnet crystal structure 
having a composition as shown in Table 1, and trivalent Ce 
incorporated as a luminescent center ion in the host 
material. From the measured emission spectrum of the 
phosphor, the color coordinates x and y were calculated by 
the same method as in Example 1. As a result, it was 
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confirmed that x was 0.47 (x=0.47), y was 0.50 (y=0.50), 
and a sum of X and y was 0.97 ((x+y)=0.97). Further, the 
phosphor was irradiated with a blue light by the same 
method as in Example 1, while controlling an irradiation 
intensity thereof. As a result, the phosphor absorbed the 
blue light and emitted a yellow color light, and further 
the emitted yellow light was then mixed with a blue light 
unabsorbed by the phosphor, resulting in emission of a 
white light. 
(0035) 
Example 5; 

The same procedure as defined in Example 2 was 
conducted except that 0.0050 mol of SCjOj and 0.0050 mol of 
LU2O3 were used as a M2-source compound, thereby producing 
a phosphor. As a result of analyzing the thus obtained 
phosphor by powder X-ray diffraction method, it was 
confirmed that the phosphor contained a host material 
composed of a compound of a garnet crystal structure 
having a composition as shown in Table 1, and trivalent Ce 
incorporated as a luminescent center ion in the host 
material. From the measured emission spectrum of the 
phosphor, the color coordinates x and y were calculated by 
the same method as in Example 1. As a result, it was 
confirmed that x was 0.45 (x=0.45), y was 0.53 (y=0.53,), 
and a sum of X and y was 0.98 ( (x+y )=0. 98 ) . Further, the 



phosphor was irradiated with a blue light by the same 
method as in Example 1, while controlling an irradiation 
intensity thereof. As a result, the phosphor absorbed the 
blue light and emitted a yellow color light, and further 
the emitted yellow light was then mixed with a blue light 
unabsorbed by the phosphor, resulting in emission of a 
white light. 
(0036) 
Example 6 ; 

The same procedure as defined in Example 1 was 
conducted except that 0.0147 mol of CaCO^ and 0.015 mol of 
ZnO were used as an M^-source compound, thereby producing a 
phosphor. As a result of analyzing the thus obtained 
phosphor by powder X-ray diffraction method, it was 
confirmed that the phosphor contained a host material 
composed of a compound of a garnet crystal structure 
having a composition as shown in Table 1, and trivalent Ce 
incorporated as a luminescent center ion in the host 
material. From the measured emission spectrum of the 
phosphor, the color coordinates x and y were calculated by 
the same method as in Example 1. As a result, it was 
confirmed that x was 0.29 (x=0.29), y was 0.54 (y=0.54), 
and a sum of x and y was 0.83 ( (x+y )=0 . 83 ) . Further, the 
phosphor was irradiated with a blue light by the same 
method as in Example 1, while controlling an irradiation 
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intensity thereof. As a result, the phosphor absorbed the 
blue light and emitted a yellowish green color light, and 
further the emitted yellowish green light was then mixed 
with a blue light unabsorbed by the phosphor, resulting in 
emission of a bluish white light. 
(0037) 

Table 1 



Examples 


Composition of phosphor 


Example 1 


(CaQ.gg ) 3SC2Si3022. 015 • ^^^^ 


Example 2 


(Cao.49Mgo.5o)3(SCo.75Yo.25)2Si30l2.015 = Ce3^ 


Example 3 


( CaQ 99 ) 350281303^2. 015 '^^"^^ 


Example 4 


(Cao,49Mgo.5o)3(SCo.5oYo.5o)2Si30i2.oi5 = Ce3+ 


Example 5 


( Cao. 49Mgo. 50 ) 3 (SCq 5o^^o. 50)2^13012.015 • Ce3+ 


Example 6 


(Cao.49Zno.5o)3Sc2Si30i2.oi5:Ce3+ 



(0038) 

EFFECT OF THE INVENTION 

According to the present invention, there are 
provided a phosphor that is readily produced and can 
provide a high-color-rendering light emitting device, a 
light emitting device using the phosphor, and a display 
and a lighting system using the light emitting device as a 
light source. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a graph showing an emission spectrum and an 
excitation spectrum of a phosphor obtained in Example 1 
according to the present invention. 

Fig. 2 is a graph showing an emission spectrum and an 
excitation spectrum of a phosphor obtained in Example 2 
according to the present invention. 

Fig. 3 is a schematic sectional view showing an 
example of a light emitting device constituted from the 
phosphor of the present invention as a wavelength 
conversion material, and a semiconductor light emitting 
element • 

Fig. 4 is a schematic sectional view showing an 
example of a surface-emitting lighting system into which 
the light emitting devices shown in Fig. 3 are 
incorporated. 

Explanation for the reference: 
1: light emitting device 
2: mount lead 
3: inner lead 

4: semiconductor light emitting element 

5: phosphor-containing resin 

6: conductive wire 

7: molding material 

8: surface-emitting lighting system 

9: diffusion plate 



retaining casing 



Fig. 1 
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(57) imm 

Ml a m2 b m3 c Od (I) 

7C^. m3 |j4<i(D^«7cM^-?-n^'nii^L/< ali2. 
7~3. 3. blil. 8-2. 2. clJ2. 7~3. 
3. dISII. 0~13. O0iEffl©iKT'*-5. ] 
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Ml a m2 t, m3 c Od (I) 

Tim. m3 ia4ffi(D^a7cM$-5-n-?n^u. aij2. 

7~3. 3, blil. 8~2. 2, cli2. 7~3. 
3, dISM. 0~13. 0(DiEHrogjtT-S>-5. D 
[li*lI2] ltd) 2{icD^S7C^Ml 
Mg. Ca, Zn> Sr. Cd. ai>'B aA^b/i-SIIA^ 

[Ii3i<113] (C^SIti) 2ii(D^a7t^Ml A*. 

Mg. Ca. 3Z.ISZ nT«.-5if^lI2ICieiE©^jti*. 

[ii*3i4] ad) ICfelt^3Wi©^JS7C^M2 d<. 
Al. Sc. Ga, Y. In. La, Gd, SC/L u 

TiM 3 ©l^•rnxplciEi^(DS5t^^:. 

[IS^«5] itil) 3<iro^)l7t^M2 A^. 

A I, Sc. Y. XliL uT* -511*11 4 IClSi£©SJt 

[|i*Jl6] iC(l) ICfclt-5 4iB(7)^ll7t^M3 At. 
Si. Ti, Ge. Zr. Sn. St/H f 6.;S:i.l¥d^ 

[Ii*«7] iCIll lCfc(t-5 4«a)^Jl7C^M3 
Si. Ge. 3i«S nT-$)-5)|i*II6(CieecD^^t^. 

[iS«II8] ^Jtl'iN^';!-^*^. Cr. Mn. Fe. 
Co, Ni. Cu, Ce. Pr, Nd, S m, Eu, T 
b. Dy. Ho. Er. Tm, Sl^Y b A^t>/J:-51l*^?> 
K!R$nfe'>;S:< <tt) 1 ?iC07C^T-Si-5li3tJS 1 TiM? 

[|i*lSl 0] ltd) lCfc(t-5>2fl(^^l7C^Ml A< 
CaT-feU. 3ii<0^a7C^M2 A<S cTSiiJ. 4liO 

[ii^m n ltd) lCfc(t-5 2fi<D^15t^Ml AS 
C atMgT-^lJ. 3ii(D^a7t^M2 A<S c tY. X 
lis ctLuTfeU. 4ji©^«X^M3 tJfS i T$c5 

t^litSSfciJO. 0 0 0 1~0. 3^;UT!«)-2)li*lS 

[113^1113] Pgjtfe^. X Y ZSfe^STSLfcit 
(Dfe]t®Ix<i:yro?Q*<. (x + y) ^0. 6 



3 m^t'M-^iziim(D^tftwt, m^\-itf>i,-^^mmz 

[0 0 0 1 ] 

U^;«ScQmi5l£€^L, ^JttS'V K (LED) 
U— y-'-^'f:t-H (LD) ^(D#3i<$%5t^?<!:il* 
^to-lt-S C i IC J: y ilfett 0ilt^%3t^^$ffifiEt--5 C 

[0 0 0 2] 

^V-yA (GaN) SWfe^ittf'-f;^-- Ki. 

it(Dfktftm=f-iif. mnm:hifi'i^ $ < ^^^^ t-*^ <t i ^ ^ 

[0 0 0 3] C©S3t^=F:IS. -^-c-cfflObn-SSTtl* 
X)*. G a NiSWe^Tt^-fJl-- Ko^-r^wfe^iiswpJ 

(Y3 A l5 Oi2) ^e»<!:L. mm»mz¥ttft'¥M 
t>tbX(Diz>JOA (Ce) $#*L/T/j:^^5t<*A< 
3EDe.nTl^•5;5^. com^mt. KJ5KiSg*<i§lMI. iS 

to 0 0 4] 
[0 0 0 5] 
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[0 0 0 6] Ml a m2 b m3 c Od (I) 
7-3. 3, b{t^ . S^2, 2. c{t2. 7-3. 

3. d(iii. 0-13. oommcD^T-;^^, :i 

[0 0 0 7] 

(I) vm^n^^'-^y\-is^smm(Dit^^i^imwi:t 

^t)CDT^U. — fJxIC. Ml . m2 , ;5^LN'm3 (7)ifeJl7c 
^€st;^^^<b^^lT^U. Ml 3 m2 2 m3 3 O12T 

^BfllZfcOTIi, -^(DMl t}^2m. m2 ;5^3ffi. m3 

[0 0 0 8] wt>. m^^^com^tLx. m 

Rs Ml ;^^"2ffi, m2 ^ism. m3 «co#/i5t;P.cD 
toco, ®7ti*iUT<Ol#14(i^(^^»€ffi^1-'5>7t3g 

C(DM1 t)^2m. m2 ^s'afffi^ m3 X?M 

[0 0 0 9] CCT% 5t(I) fCfclt^ 2<10^M7C^M 
1 tLTI^. ^mmnom^^i. Mg. Ca, Zn, 

tt^mVS>^(Dtm^L<. Mg. Ca, XISZnT 
^^C0;!?^*^IC»SU<, Ca, X(iC a t M gT^-SO) 

[0 0 10] X, lEll) lCi5(t^ 3<ffiCD^^7C^.M2 i 
L/TIi, |5]1$(^®X>^b. A I , S c, G a. Y. In. 

tiiUiVh^(Dt)m^L<. A \ . Sc. Y. XliL 
uT$.'50;i?^J!ICff^L<, Sc. XfiSciiY. 
S c t L u ■e«>'5(?5X?^4$ICj?S 
[0 0 T 1 ] X. ltd) fCfclt^4fi(7)^a7t^M3 t 
L/Tli. IBiaiCO®;:?^^. Si. Ti. Ge. Zr. S 

TS>^mm^L<. Si. Ge. XISSnTfe-SMlC 

[0 0 12] X. ;b'-:r-y h^SeHgifii, -i^Slci^. b5 
iliL/rcctplC. ltd) iCiSIt^ aX?^3. b;^?^'2. cTl^^S 
T. d;!)^ 2(Di^si^iLy2^^=?-m^^BT$>^f)^. :*^B9fC 



2 . m3 (Di'^tn^^(D^m7Lm(Di^^B^^i'(Dimizmt?i 

iC(l) lCfcl\Ta/?^3. b;{?V2, c;i)^3T. d;iin 
2 a:(S/^b/j:C^ii^^;^U^#. tltoT. ali2. 7- 

3. 3. b(i1. 8-2. 2. c(i2. 7-3. 3, d 

(ill. 0-13. omm<D^^t^z.ttt^^). a 

Ii2. 9-3. K blil. 95-2. 05. cli2. 

9-3. 1 (7)jG(l(^|jlT^^(?DX?^^n^'n*f^L<, d 
(ill. 6 5- 1 2. 3 5(^)lEffl(0giTfe^OX)^»tL 

[0 0 1 3] 31. m)iE>3-T^7 hJSamiK^^b^i^Sft 

®;0^b. Or. Mn. Fe. Co. Ni. Cu. Ce. 
Pr. Nd. Sm. Eu. Tb. Dy. Ho. Er. T 

(D2--^m(D7tmXh^(Dtm^{^<. 2i5(7:)Mn, 3 
ffiCDCe. 2-3iffiC0E u. X(i3fffi(DT bTS>^(0;i^ 

[0 0 1 4] *^B^C0miiEgit<*(i. SulS-jSitd) (C 
^lt^2«(Z)^/i7t^Ml ;li>fb^4Sl. 3iiCO^il7C^M 
2 m^^a, Sl/4fiico^M7i:^M3 i®{b^4^5, iffil/ 

fC. ^^4'/D-f^>C07C^jl§^b^ifSl^. /NVx'-^^k 

a, 7K^cDjg«:*fCCnb(7){b^^*l^^DA. 
DttMS. Ctie>cDjb^!^*l£ilLl»»{gfCcfcy|»5^U 

[0 0 1 5] CtlbC0*»»}g^;£(D4^T. ?^fC. 

/l:^-r;^->(07t^>g^b^4^){c^5t^T^i. ^>a(7)<b^!*)^± 

^ici^-ic;!^. 53^iJ$-tt^£^g;^?^'^'5Z(t;i?^b;S<$j« 
<*€:ffll>'5(0:^^ff^b<. 31. ffetOTC.^iSib^ifislCfctx 

T±<* b n -5 ® b t) . iS #;SiC;i X)^ 

(Dim'^hiy'<m(omm%^^x\ ii^i ooo-i 6 

0 Ot. SfSL<(il 2 0 0- 1 5 0 O'COjSJST. 
zi'>^(Om'*<D^?4l!cOI5;g^^iiaT. 105J-2 4 

[0 0 1 6] f^. m%?.iimnmnt\^x\t. ^it^.b^ 
ty(D7Lmtm^\z^^t^^t>^m, {\m) 

cDif^icfi. ^m. mm. T)i'3ym<r)^jyp''^\ 
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[0 0 17] X, CCT, Ml Mit^^^. M2 ;jl^t^ 

u^. ^^Bticteft^NOx . sox m<D$m±itm^^ 

[0 0 18] 2fffi(O^M7£^Ml <bLTJ?SLCNit" -S 
SulSMg. Ca, SlXZ nlC::?t^T. -^ni^OMl jg^b 
nif. Mg;S>fbm^<hLT(^, M 
go. Mg (0H)2* MgC03. Mg (OH) 2 ' 
3MgC03 •3H2 0. Mg (N03)2 '^H 
2 0. MgS04. Mg (OCO)2 •2H2 0, Mg 

(OCOCH3)2 ■4H2 0. MgCl2 Wt)^. X. 
C aMit-^^tLXU. CaO. Ca (OH) 2 . Ca 
CO3, Ca (N03)2 •4H2 0. CaS04-2 
H2 O. Ca (OCO) 2 •H2 O. Ca (OCOCH 
3)2 • H2 O. C aC I 2 Z nmt^^^t 

LT(5. ZnO. Zn {0H)2^ ZnCOa. Zn 

(NO3 ) 2 . Zn (OCO) 2 . Zn (OCOC 

H3 ) 2 . z n c 1 2 m^^. ^n^enmfibn^o 
[0 0 193 31. 3m<D^m7tmM2 turtij^Li^t 

T^HUlHA I . Sc. Y. SLN'L u |COt^T. ^tlbO 
■m2 mit^^^Mi^mizmTikt^li. A I Mit^mtL 
TfS. A I 2 O3 . A I (OH) 3 . A I OOH. A I 
(NO3 ) 3 • 9 H2 O. A 1 2 (SO4 ) 3 . A I C 
I 3 S cmit^mtUt. S C2 03 . S c 

(OH) 3 ^ S C2 (CO3 ) 3 . S c (NO3 ) 3 . 
S C2 (S 04 ) 3 . S c2 (OCO) 6 . S c (OC 

0CH3 ) 3 . s c c 1 3 m^^. X. Y;s^b^^^}i:u 

It. Y2 03 . Y (OH) 3 . Y2 (CO3 ) 3 . Y 
(NO3 ) 3 . Y2 (SO4 ) 3 . Y2 (OCO) 6 . 

yc\2m^^ LuMit'^^i!}tL\t. LU203. 
Lu2 (504)3. LUCI3 mt}^ 'tn'enmifi 

[0 0 2 0]X. 4fii(0^il7C-^M3 tUTff^ Ltxi 
t^miS i. Ge. SLN'S n|COt\T. -^nbCDMS 

s i 02 , H4 s i 04 . Si {0COCH3 ) 4 m 

t)^. 3^. GeMit^^tLlt. Ge02 . Ge (OH) 
4s Ge (0C0CH3)4, GeCl4 mt)^. S 
niSfb^ifJliLli, Sn02. S n O2 • n H 2O. S 
n (NO3 ) 4 . S n (OCOCH3 ) 4 . S nC I 4 



Ochf -SmjIEM n, Ce. Eu. SlXTbfCOOT. 

ni>(D7tmmt^',id^Mm^izm7ntnii. m n-i^iu 

Tl^. Mn02. Mn2 03 . Mn3 04. MnOO 

H. MnC03, Mn (N03)2. MnS04. Mn 
(OCOCH3)2. Mn (0C0CH3)3. MnC 
12^ M n C i 3 31. CeMit^ii^t Lit. C e 

2 03 . Ce02 . Ce (OH) 3 . Ce (OH) 4 
Ce2 (CO3 ) 3 . Ce (NO3 ) 3 . Ce2 (SO 
4)3^Ce(S04)2.Ce2 (0C0)6.Ce 

(OCOCH3)3. CeCl3. C e C \ 4 m^^. 
31, Eu'Mit-^^i^tLit. EU2O3. Eu2 (S 
04)3. Eu2 (OCO) 6 . EuCl2. EuCI 
2^^^. 51. T bMit^^ti}tL\^. Tb2 03. Tb4 
. 07 . Tb2 (CO3 ) 3 . Tb2 (SO4 ) 3 . Tb 

c 1 3 mt)^. ^ti^etimfibH^. 

[0 0 2 2] 1U±. mi:h'-^^y hi^B^a^S^O^b^^)^ 

Sft^b^^^i itlS/cU 0. 0 0 0 1 -0. 3t;UT^ 
^(D^m^L<. 0. OOl'-O. 1 5^;UTS>-5CO;0^ 

^7t!Mjg^^/J\$</d:-5<S[Sj<f:/j:tj, 1515 

[0 0 2 3] 31. ^mM(D^^wit. im^^m'^tL 
^^muT. jife. sfe. Hfe. Hc^fi^nbOD 

/tli^O^Ttfe^. J I S Z 8 7 0 1 Tjss^n^x 

Y z m&^vm Ltz t^<D&i^mw. xty (om^. ( x 

+ y) ^0. S^m&t^0t}mi^L<. (x + y) ^ 
0. S^mS:t^(Dt)^WlZiJtLl\ 
[0 0 2 4] ^mm^^m^it. ;J$:RE^W4<tLT 

[0 0 2 5] *fgBgc7)%7t^^$i)®(cSo'l>TljiB^-r 

ITSU. [il2&u:|gl3ICfcUT. 1 IS^Tt.^^. 215 
V'5>h'J-K. 3IS^>:^-U-K. 4lii)£ai#?g^ 
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[0 0 2 6] ^mm(Dm^m=^Mt. m2iz7r.^n^<i: 
aw^mmtm s t^ss ^n^c<i:iwj:u[is:stiTo 
[0 0 2 7] 3^, z.(D%%m=^^ ^^fl^iA^/c®S7tP.§ 

[0 0 2 8] ^LT. m^ytmm'^ms^mmi^x. ^ 

co¥aH*^^.^^4lcSS$Enj!lp-r'5C<!:ICJ: 
ll^SiaJ 5 (Cfcf t^)^^^5^«*4<!: LX(0:^mM(Dm^W 

[0 0 2 9] 

[Ilffifl?ij] JUT, *:^0fl^llffi«IC<fcU$blcm<*fi^(C 

JSSifiJ icPfiS n ^ (Z)T'(5/<J I ^o 
[0 0 3 0] HJSWl 

Ml jg^b^ifSliUTCaCOs ;0. 0 2 9 7 ^ jU. M 
2 }Jg{b^!tSlctLTS C2 03 ; 0. 0 1 ;^0'm3 
iJg^b^itaiiLTS i 02 ; 0. 0 3^;U. M^XICS^I^ 
;i:W:t><D7C,^;Jg{t^?Sl<tbTCe (OCOC 
H3 ) 3 ; 0. 0 0 0 3^;l/^$$7)c<h^^(C, 7;U5:^il 

s^^^!l^7J^^^il^«l@4'T. :^mT. i4oo*'c-e2 
if. jSLZj^^mi!}:m^^ao ctizji^jmtft^^^m 

[0 0 31] i#bnrc®^<*«. Sf^X^B^fflCctS^ 
if«D^e<*i:L. lgS^*{*l(c567t^/i:>'<:t><!:LxT3ffi(D 



1 (C.T^UfCo CC^fSTt:^-^^ h;U^^b. J I S Z8 7 

2 2TlIS$n§X Y ZSfe^JCfclt^feSSfix cty 

mmrams nmtLXM^LrctZ,^. x = 0. 2 
8, y==0. 54TfeU, x + y = 0. 82T$)-d/!:o 

^;;S:14 6 5 nm) CDWfeTt^PSI^ ^OPSm?Mg$ 

)S:^\z^v'^'pnm^t)^'Drz&^^7r^Lrzo 
[0 0 3 2] umm 2 

Ml igft^lSltLTCaCOa :0. 0 147^;U<!:. 
Mg (OH) 2 - 31^80 03 •3H2 0;Mg<!:LT 

0.0 1 5^;U. m2 m^t^^^tLXS C2 O3 ; 0. 
0 0 7 S'^jUt. Y2 O3 ; 0. 0 0 2 5^;U^, -^tl 

^nffloitii'fi. mmm^ tmmizLxm^i^^mmL 
tzo mbnfzm%w\t. n^y^i^w^niz^^m-^fwz^ 

^^t^^cDxh^z^ttrnm^ntz. z(Dmitw 

bfcc ::t7)^7t;^^^ hv'l'^I^^b. ^5Si?iJ 1 iIel#ICL/T 
^mmmxty^Ui^LfztZ^. x = 0. 43, y = 
0. 5 3T^U. x + y = 0. 9 eX$>^rZo X. C(D 

^ytwiz. mmm^ tmmizLxw^±^mmu^ ^(d 
mmim^mBurztc^. t(D9^^^^muxn& 
^^^*u, mt^mz^m^tirji^^'Drzn^t^t(D'&& 

[0 0 3 3] 3 

mm^moys^m^ 1 2 0 o^ctLtzmts mmm 1 if^) 
tmmizLx^mmmxty^ni^bfztz^. x = 

0. 2 8/y = 0- SAXhV. x + y = 0. 8 2 

:3rcp 31. z(D^t^mz. mmm^ tmmizi.xn&yt 
^mmu t<Dmm^m^mmLrztz^s •^(DWfe3t 
^^mLxmm&^^^ytL. ^^mz^m^nti^^o 
rzn^^t(D)S:&izj:^j ^^j^^m^t)<t^orzB&^^s 

Lfz. 

[0 0 3 4] nmu 

m2 iS^k^it^ilLTS C2 03 ; 0. 0 0 5 Q^Jlt. 
Y2 03 ; 0. 0 0 5 0^;l/^fflu;t^Mi. ^J6<?>J 2 <h 

fi]«fcL.T^^<*$i:iiiurcc }#bnrc®^<*ii, 
xjglHli/f(cJ:^fl¥ifT(CcJ:U, ^ 1 lc^F-rjfl^iZ);^'-^'-'V 

t>tLX3m(DC e $^^t"^*)COT^^Ct^^iilS 

^ J- J.. - .T^ j7>.?5 il^ "7 /-\ I- '!/ "^I u ^ -^/^t' 
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